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(57) Abstract: Disclosed is a regional tunnel management method in a mobile communication system using Mobile EP. A mobile 
node transmits a location registration request to a first GGSN (Gateway GPRS (General Packet Radio Service) Support Node), upon 
receiving Information indicating that the first GGSN supports a foreign agent function and also receiving an Agent Advertisement 
message with an address of a second GGSN. The information and the Agent Advertisement message are transmitted by the fiTst 
GGSN. The first GGSN transmits the location registration request to the second GGSN. The second GGSN registers an address of 
the first GGSN to which the mobile node belongs, and then transmits to a home agent the Location Information message indicating 
an address of the first GGSN to which the mobile node belongs. * 
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REGIQMAL TUNNEL MANAGEMENT METHOD IN A MOBILE 
CQMMinSTCATTQN SYSTEM USING MQBTT/R IP 

BACKGROUND OF THE INVENTION 

1 ■ Field of the Invention 

The present invention relates generally to a mobile communication 
system using Mobile IP, and in particular, to a regional tunnel management 
method for transmitting data from a correspondent node (CN) to a mobile node 
(MN). 

2. Description of the Related Art 

A Mobile IP technique has been introduced to provide mobility to the 
clients that access an IP (Internet Protocol) network. Since the IP network has a 
fixed IP address for a specific region, the clients accessing the IP network must 
be inconveniently assigned a new IP address while on the move. However, the 
Mobile BP network can exchange data with a server in the IP network using the 
existing fixed Mobile IP address without changing the Mobile IP address, even 
while the clients are on the move. 

Before describing the Mobile IP technique, the terms used in the Mobile 
IP technique will be defined below. 

- A mobile node (MN) has a unique IP address to receive data from 
clients in the IP network, and it has mobility. 

- A foreign agent (FA), a node constituting the IP network, is wirelessly 
connected to the mobile node in a specific region and has a unique IP address. 
The foreign agent stores information on the mobile nodes. 

- A home agent (HA) is a node for managing location information of the 
mobile nodes. Upon receiving data to be transmitted to the mobile node from a 
correspondent node (CN), the home agent retransmits the received data to a 
gateway foreign agent (OFA) to which the mobile node belongs, using the 
location information of the mobile node managed by it. 

- A gateway foreign agent (GFA), a node indispensable for the regional 
tunnel management, serves as the home agent, upon receiving a location 
registration request from the mobile node in a preset region, e.g., a visit network. 

- A correspondent node (CN) is a host in the IP network, desiring to 
communicate with the mobile node. 

- Regional tunnel management refers to a method for transmitting a 
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location registration message only up to the gateway foreign agent to which the 
mobile node belongs, not up to the home agent, when the mobile node moves 
from a region managed by the gateway foreign agent, changing the foreign agent 
to which the mobile node belongs. 

A regional tunnel management method in a communication system using 
the common Mobile IP will be described with reference to FIGs. 1 to 4. 
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FIG. 1 illustrates a location registration procedure in a communication 
system using the common Mobile IP. Referring to FIG. 1, if a mobile node 10 
enters a region of a foreign agent 20, the foreign agent 20 broadcasts specific 
information to the mobile node 10 through a broadcast channel. Upon receiving 
the information broadcast by the foreign agent 20, the mobile node 10 determines 
to which foreign agent it belongs by analyzing the received information. If the 
mobile node 10 recognizes a region of the foreign agent to which it belongs, i.e., 
recognizes that it exists in a region of the forei gn agent 2 0, t^^ph^j^tgacfe^Om 

H. 

mm 

jigjIl^O. Upon receiving the Registration Request message, the foreign agent 20 

i&&fB>4$jJ(), included in the received Registration 



Request message, and then transmits a Registration Request message for 
requesting location registration of the mobile node Itfatedtem^BBnt 30 to 




which it belongs, in step 103. Here, the Registration Request message transmitted 
by the loreign agent 20 includes an IP address of the foreign agent 20 to which 
the mobile node 10 belongs. Th ^^y^|^^^j^^^^^^^^ ^^g^ 

iatioQ„orLtliQ jaobU&^odQ, JiO, included in the Registration 




Request message, and defects location information, i. 

20 to which the mobile node 10 belongs from the Registration Request 
LStoresJ^dete If the authentication 



message, and^^^^^^^^g^Je^^^on^^^^ 
process for the mobile node 10 has been normally performed, then the home 
agent 30 transmits a Registration Reply message to the foreign agent 20 in step 
107. Upon receiving the Registration Reply message, the foreign agent 20 
transmits the Registration Reply message to the mobile node 10 in step 105. If 
the location of the mobile node 10 is registered in the home agent 30 through this 
process, the mobile node 10 can exchange data with a host of the IP network, i.e., 
the correspondent node, through the home agent 30. Generally, for data reception 
from the correspondent node, the mobile node 10 receives data from the 
correspondent node via the home agent 30 and the foreign agent 20. However, for 
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data transmission to the correspondent node, the mobile node 10 can transmit 
data to the correspondent node either via the foreign agent 20 and the home agent 
30, or via the foreign agent 20 and a router, which corresponds to a peer node in 
the IP network. In addition, when the correspondent node is connected to another 
5 foreign agent, the mobile node 10 can directly exchange data with the foreign 
agent 20 and a foreign agent to which the correspondent node is connected. 

Meanwhile, if the mobile node 10 moves to a region of another foreign 
agent, it must exchange messages with the home agent 30 in order to register its 

10 location information in the home agent 30 each time it moves. However, if the 
mobile node 10 is located far away from the home agent 30, e.g., if the mobile 
node 10 is located in South Korea and the home agent 30 is located in the United 
States, long propagation delay occurs during exchange of the Registration 
messages between them. In order to solve this problem, the Mobile IP technique 

15 uses a regional tunnel management method. The regional tunnel management 
method performs a procedure for registering the location of the moving mobile 
node by providing the gateway foreign agent in addition to the foreign agent. 
This method sets a region having a specific size as a visit network, and then, if 
the mobile node moves within the visit network, the location of the mobile node 

20 is registered not in the home agent, but in the gateway foreign agent. For 
example, when there exist 5 foreign agents in the visit network, no matter which 
foreign agent the mobile node moves to, the location of the mobile node is not 
newly registered in the home agent but registered only in the gateway foreign 
agent. The regional tunnel management method will be described in detail with 

25 reference to FIG. 2. 

FIG. 2 illustrates an initial location registration procedure based on the 
regional tunnel management in a mobile communication system using the 
common Mobile IP. Referring to FIG. 2, if a mobile node 10 enters a region of a 

30 foreign agent 20, the mobile node 10 transmits a Registration Request message to 
the foreign agent 20 after receiving information broadcast by the foreign agent 20, 
in step 201. Upon receiving the Registration Request message from the mobile 
node 10, the foreign agent 20 transmits the Registration Request message to a 
gateway foreign agent 40 in step 203, The gateway foreign agent 40 stores an 

35 address of the foreign agent 20 and information on the mobile node 10, and then 
transmits the Registration Request message to a home agent 30 along with its 
address in step 205. The home agent 30 then stores location information of the 
mobile node 10, included in the received Registration Request message. The 
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location information of the mobile node 10, stored in the home agent 30, 
becomes an address of the gateway foreign agent 40 to which the mobile node 10 
belongs. After completing the location registration, the home agent 30 transmits a 
Registration Reply message to the gateway foreign agent 40 in step 207, and the 
5 gateway foreign agent 40 transmits the Registration Reply message to the foreign 
agent 20 in step 209. The foreign agent 20 then transmits the Registration Reply 
message to the mobile node in step 211. 

Now, with reference to FIGs. 3 and 4, a description will be made of an 
10 operation performed when the mobile node 10 moves from the original foreign 
agent to which it has belonged, to another foreign agent, after the location 
registration based on the regional tunnel management as described in FIG. 2. 

FIG. 3 illustrates a state where a mobile node moves from a current 
IS foreign agent to another foreign agent in a communication system using the 
common Mobile IP. FIG. 4 illustrates a location registration procedure based on 
the regional tunnel management in the communication system using the common 
Mobile IP. 

♦• 

20 Referring to FIGs. 3 and 4, if a mobile node 10 has moved to a second 

foreign agent 25 having a region 305 after registering its location in a home agent 
30 through a first foreign agent 20 having a region 303 and a gateway foreign 
agent 40 in the initial location registration procedure of FIG! 2, then the mobile 
station 10 transmits a Registration Request message to the second foreign agent 

25 25 in step 401. Upon receiving the Registration Request message, the second 
foreign agent 25 stores information on the mobile node 10, and then transmits the 
Registration Request message to the gateway foreign agent 40 along with its 
address and the information on the mobile node 10, in step 403. The gateway 
foreign agent 40 has stored addresses of every foreign agent in its region, i.e., 

30 addresses of the first foreign agent 20 and the second foreign agent 25, and 
information on every mobile node connected to the foreign agents. Therefore, 
upon receiving the Registration Request message from the second foreign agent 
25, the gateway foreign agent 40 determines whether there is a foreign agent 
having information on the mobile node 10, included in the received Registration 

35 Request message. As the result of determination, if there is a foreign agent 
having the information on the mobile node 10, the gateway foreign agent 40 can 
recognize that the mobile node 10 has moved from another foreign agent in its 
region, i.e., from the first foreign agent 20, Therefore, the gateway foreign agent 



WO 02/43281 PCT/KK01/02004 

•5- 

40 transmits a Registration Reply message for requesting the location of the 
mobile node 10 directly to the second foreign agent 25 in step 405, instead of 
transmitting the Registration Request message to the home agent 30. The second 
foreign agent 25 then transmits the Registration Reply message to the mobile 
5 node 10 in step 407. 

Meanwhile, during data transmission to a correspondent node, the mobile 
node 10 operates as described in the conventional method. However, during data 
transmission to the mobile node 10, the correspondent node transmits data to the 

10 home agent 30 and the home agent 30 then retransmits the data to the gateway 
foreign agent 40. The gateway foreign agent 40 then retransmits the data to a 
foreign agent where the mobile node 10 is located, and then, the foreign agent 
retransmits the data to the mobile node 10. Therefore, in the regional tunnel 
management, the data transmission from the correspondent node to the mobile 

1 5 node 10 has a complicated data transmission procedure, compared with when the 
Mobile IP is used. 

Presently, many efforts on development of the mobile communication 
system are made for commercialization of the IMT-2000 system. The IMT-2000 

20 system is classified into an American synchronous system and a European 
asynchronous system. The Mobile BP technique is indispensable to die IMT-2000 
system. However, applying the conventional regional tunnel management method 
used in the Mobile IP to the European asynchronous communication system may 
cause a waste of resources because of the characteristic of the foreign agent, i.e., 

25 because the foreign agent broadcasts its information. 

Further, in the environment of the European asynchronous 
communication system, it is not preferable to provide a gateway foreign agent in 
a specific network. This is because the European asynchronous communication 
30 system uses a connection-oriented scheme. Thus, in the European asynchronous 
communication system, a gateway GPRS (General Packet Radio Service) support 
node (GGSN) serving as the gateway foreign gent may have heavy congestion. 

SUMMARY OF THE INVENTION 

35 

It is, therefore, an object of the present invention to provide a regional 
tunnel management method for transmitting data from a correspondent node to a 
mobile node in a mobile communication system. 
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It is another object of the present invention to provide a regional tunnel 
management method for minimizing message transmissions from a 
correspondent node to a mobile node in a mobile communication system. 

5 

To achieve the above and other objects, there is provided a regional 
tunnel management method in a mobile communication system using Mobile IP. 
The mobile communication system includes a mobile node, a first GGSN 
(Gateway GPRS (General Packet Radio Service) Support Node) serving as a 

10 foreign agent for storing location information of the mobile node, a second 
GGSN serving for storing location information of the first GGSN, and a home 
agent connected to the second GGSN, for performing data communication with a 
correspondent node. The mobile node transmits a location registration request to 
the first GGSN, upon receiving information indicating that the first GGSN 

IS supports a foreign agent function and also receiving an Agent Advertisement 
message with an address of the second GGSN. The information and the Agent 
Advertisement message are transmitted by the first GGSN. The first GGSN 
transmits the location registration request to the second GGSN. The second 
GGSN registers an address of the first GGSN to which the mobile node belongs, 

20 and then transmits to the home agent the Location Information message 
indicating an address of the first GGSN to which the mobile node belongs. 

Preferably, the location registration request transmitted by the mobile 
node includes an address of the first SSGN to which the mobile node belongs, 
25 and the Agent Advertisement message is transmitted through a tunnel between 

the mobile node and the first GGSN. 

Further, upon receiving data destined for the mobile node from the 
correspondent node, the home agent determines whether a destination address of 
30 the data is identical to an address of the second GGSN, and transmits the data to 
the second GGSN, if the destination address of the data is identical to an address 
of the second GGSN. 

Also, the home agent transmits the data to the first GGSN, if the 
35 destination address of the data is not identical to an address of the second GGSN. 

Preferably, the Location Information message includes an address of the 
first GGSN and an address of the second GGSN. 
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The above and other objects, features and advantages of the present 
invention will become more apparent from the following detailed description 
when taken in conjunction with the accompanying drawings in which: 

FIG. 1 illustrates a location registration procedure in a communication 
system using the common Mobile IP; 

FIG. 2 illustrates an initial location registration procedure based on the 
regional tunnel management in the mobile communication system using the 
common Mobile IP; 

FIG. 3 illustrates a state where a mobile node moves from a current 
foreign agent to another foreign agent in the communication system using the 
common Mobile IP; 

FIG. 4 illustrates a location registration procedure based on the regional 
tunnel management in the communication system using the common Mobile IP; 

FIG. 5 illustrates an initial location registration procedure based on the 
regional tunnel management in a European asynchronous communication system 
using the Mobile IP according to an embodiment of the present invention; 

FIG. 6 illustrates a location registration procedure based on the regional 
tunnel management in the communication system using the Mobile IP according 
to another embodiment of the present invention; 

FIG. 7 illustrates a state where a mobile node moves from a current 
GGSN to which it belongs, to another GGSN in the communication system using 
the Mobile IP according to another embodiment of the present invention; 

FIG. 8 Ulustratcs a regional tunnel management operation of a mobile 
node in the communication system using the Mobile IP according to another 
embodiment of the present invention; 

FIG. 9 illustrates a regional tunnel management operation of a GGSN in 
the communication system using the Mobile IP according to another embodiment 
of the present invention; and 

FIG. 10 illustrates a regional tunnel management operation of a home 
agent in the cdmmunication system using the Mobile IP according to another 
embodiment of the present invention. 



DETAELEI 



A 

below with 



embodiment of the present invention will be described herein 
reference to the accompanying drawings. In the following description, 



prefe rred 



DESCRIPTION OF THE PREFERRED EMBODIMENT 
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well-known functions or constructions are not described in detail since they 
would obscure the invention in unnecessary detail. 

The term "gateway GPRS (General Packet Radio Service) support node 
5 (GGSN)" as used herein refers to a node constituting a UMTS (Universal Mobile 
Telecommunication System) network, and the GGSN supports a function of a 
foreign agent (FA) and a function of a gateway foreign agent (GFA) selectively 
or wholly. That is, the GGSN is connected to its mobile nodes and serves as an 
interface between the mobile nodes and an external network. 

10 

FIG. 5 illustrates an initial location registration procedure based on the 
regional tunnel management in a European asynchronous communication system 
using the Mobile IP according to an embodiment of the present invention. 
Referring to FIG. 5, if a mobile node (MN) 50 enters a region of a GGSN 60 in a 
15 UMTS network, a GTP (GPRS Tunneling Protocol) tunnel to the GGSN 60 is 
created in order to register location information of the mobile node 50 in a home 
agent (HA) 70. 

The GTP tunnel is formed in the following method. The mobile node 50 
20 wirelessly exchanges data with a radio network controller (RNC, not shown), one 
of the nodes constituting the UMTS network. As the RNC recognizes that the 
mobile node 50 desires to transmit data to an external network, ttie RNC reports 
this state to a serving GPRS support node (SGSN, not shown), one of the nodes 
constituting the UMTS network. The SGSN transmits the received information to 
25 the GGSN 60. The GGSN 60 also creates a tunnel for transmitting the data and 
reports this fact to the RNC. 

Finally, the RNC creates a tunnel for transmitting data, and then informs 
the mobile node 50 that data exchange is available. After the GTP tunnel is 

30 formed in this process, the GGSN 60 transmits an Agent Advertisement message 
to the mobile node 50 in step 501. The Agent Advertisement message includes an 
IP address of the GGSN 60 and an I flag indicating a function of the GGSN 60. 
The I flag is reset when the GGSN 60 includes (supports) functions of both the 
foreign agent and the gateway foreign agent, and selectively performs the 

35 functions of (or selectively serves as) the foreign agent and the gateway foreign 
agent. If the GGSN 60 can sendee as the gateway foreign agent, GGSN 60 can 
detect the HA(home agent) 70. So, GGSN 60 registers the moving information of 
the MN to the HA(home agent) 70. If the I flag is not set, the GGSN 60 performs 



WO 02/43281 



PCT/KR01/02004 



-9- 

only the function of the foreign agent. The GGSN 60 transmits the Agent 
Advertisement message to the mobile node 50 using a broadcast message, and 
the Agent Advertisement message is transmitted through the created GTP tunnel. 
In addition, the I flag is set by a service provider- The present invention will be 
5 described with reference to a case where the GGSN 60 performs the functions of 
both the foreign agent and the gateway foreign agent 

Upon receiving the Agent Advertisement message from the GGSN 60, 
the mobile node 50 stores an address of the GGSN 60 and an address of the home 

10 agent 70, and then transmits a Registration Request message to the GGSN 60 in 
step 503. Here, the Registration Request message includes an address of the 
mobile node 50 and an address of the GGSN 60. The GGSN 60 transmits the 
Registration Request message to the home agent 70 in reply to a registration 
request from the mobile node 50, in step 505. The home agent 70 stores location 

15 information of the mobile node 50 by receiving the Registration Request message 
from the GGSN 60. The location information becomes the address of the GGSN 
60 to which the mobile node 50 belongs. In reply to the Registration Request 
message from the GGSN 60, the home agent 70 transmits a Registration Reply 
message to the GGSN 60 in step 507, and upon receiving the Registration Reply 

20 message from the home agent 70, the GGSN 60 transmits the Registration Reply 
message to the mobile node 50 in step 509. 

The initial location registration procedure for the mobile node 50 has 
been described with reference to FIG. 5. Next, a location registration procedure 
25 based on the regional tunnel management will be described with reference to 
FIGs. 6 and 7. 

FIG. 6 illustrates a location registration procedure based on the regional 
tunnel management in the communication system using the Mobile IP according 
30 to another embodiment of the present invention. FIG. 7 illustrates a state where a 

mobile node moves from a current GGSN to which it belongs, to another GGSN 
in the communication system using the Mobile IP according to another 
embodiment of the present invention. 

35 If the mobile node 50 moves from a region of a current GGSN 65 to a 

region of a new GGSN 60 in step 709 of FIG, 7, after performing the initial 
location registration procedure of FIG. 5, then the location registration procedure 
will be performed as shown in FIG. 6. The location registration procedure will be 
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described in detail herein below with reference to FIG. 6. 

If the mobile node 50 moves from the region of the GGSN 65 serving as 
a foreign agent to the region of the GGSN60, a GTP tunnel is formed between 
5 the GGSN 60 and the mobile node 50, and the mobile node 50 receives an Agent 

Advertisement message from the GGSN 60 serving as a new foreign agent in 
step 600, as described in the step 501 of FIG. 5. Upon receiving the Agent 
Advertisement message, the mobile node 50 transmits a Registration Request 
message to the GGSN 60 in step 601, without storing a gateway foreign address 

10 of the GGSN 60, included in the received Agent Advertisement message. Here, 

the reason why the mobile node 50 does not store the gateway foreign address of 
the GGSN 60 is because this address is identical to the address of the GGSN 
serving as the gateway foreign agent, which was received from the previously 
connected GGSN 65 and then stored in the mobile node 50. The Registration 

15 Request message transmitted in the step 601 includes an address of the GGSN 
serving as the gateway foreign agent. In reply to a registration request from the 
mobile node 50, the GGSN 60 transmits the Registration Request message to the 
GGSN 65 serving as the gateway foreign agent along with its unique address, in 
step 603. The GGSN 65 stores information on the mobile node 50 and the 

20 address of the GGSN 60 serving as the foreign agent, and then transmits a 

Registration Reply message to the GGSN 60 in step 605. The GGSN 60 then 
transmits the Registration Reply message to the mobile node 50 in step 607. 
After transmitting the Registration Reply message to the GGSN 60 in reply to the 
registration request from the GGSN60, the GGSN 65 transmits a Location 

25 Information message with address information of the GGSN 60 serving as the 
foreign agent to the home agent 70 in step 609. When there is data to be 
transmitted from the correspondent node to the mobile node 50, the home agent 
70 can directly transmit the data to the GGSN 60 without passing through the 
GGSN 65 serving as the gateway foreign agent, because the home agent 70 has 

30 the address of the GGSN 60 serving as the foreign agent. 

Shown in Table 1 is a format of the Location Information message 
transmitted from the GGSN 65 serving as the gateway foreign agent to the home 
agent 70 according to an embodiment of the present invention. 

35 



Table 1 



0 1.... 7890 1 .... 






..9012 


Type 




Reserved 
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Gateway Foreig n Address — 

Foreign Address 

The Location Information message of Table 1 includes an address of the 
gateway foreign agent to which the mobile node belongs, and an address of the 
foreign agent to which the mobile node belongs. For example, an address of the 
GGSN 60 serving as the foreign agent for the mobile node 50 becomes an 
address of the foreign agent to which the mobile node 50 belongs, while an 
address of the GGSN 65 serving as the gateway foreign agent for the mobile 
node 50 becomes an address of the gateway foreign agent to which the mobile 
node 50 belongs. 

Next, an operation of the mobile node 50 performed based on the 
regional tunnel management method will be described with reference to FIG, 8, 

FIG. 8 illustrates a regional tunnel management operation of a mobile 
node in the communication system using the Mobile IP according to another 
embodiment of the present invention. Referring to FIG. 8, a mobile node 
determines in step 801 whether an Agent Advertisement message is received. 
Upon receiving the Agent Advertisement message, the mobile node determines 
in step 803 whether an address of a GGSN serving as a gateway foreign agent is 
registered in it. If an address of the GGSN serving as the gateway foreign agent 
is registered, the mobile node transmits a Registration Request message to the 
GGSN having transmitted the Agent Advertisement message, along with the 
registered address of the GGSN, in step 811. 

However, if it is determined in step 803 that an address of the GGSN 
serving as the gateway foreign agent is not registered in the mobile node, then the 
mobile node detects an address of the GGSN serving as the gateway foreign 
agent from the received Agent Advertisement message and stores the detected 
address, in step 805. Thereafter, in step 807, the mobile node transmits the 
Registration Request message to the GGSN. In step 809, the mobile node 
determines whether a Registration Reply message is received in response to the 
Registration Request message, and upon receiving the Registration Reply 
message, the mobile node ends the location registration procedure. 

The regional tunnel management operation of the mobile node has been 
described with reference to FIG. 8. Next, a regional tunnel management 
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operation of the GGSN will be described with reference to FIG. 9, 

FIG. 9 illustrates a regional tunnel management operation of a GGSN in 
the communication system using the Mobile IP according to another embodiment 
5 of the present invention. Referring to FIG. 9, if a GTP tunnel is formed to a 
mobile node, a GGSN serving as a foreign agent and/or a gateway foreign agent 
transmits an Agent Advertisement message to the mobile node in step 901. After 
transmitting the Agent Advertisement message, the GGSN determines in step 
903 whether a Registration Request message is received from a mobile node 

10 existing in its region. Upon receiving the Registration Request message from a 
mobile node in its region, the GGSN determines in step 905 whether the received 
Registration Request message is a Registration Request received from the mobile 
node or a Registration Request message received from another GGSN, e.g., a 
second GGSN. As the result of the determination, if the received Registration 

15 Request message is not a Registration Request message received from the mobile 
node, the GGSN ends the current procedure (not shown). However, if the 
received Registration Request message is a Registration Request message 
received from the mobile node, the GGSN determines whether a source address 
of the mobile node, included in the received Registration Request message, is 

20 registered in it. As the result of the determination, if the source address of the 
mobile node is registered, the GGSN proceeds to step 923. Otherwise, if the 
source address of the mobile node is not registered, the GGSN proceeds to step 
907. 

25 In step 907, the GGSN starts performing a function of the foreign agent 

In step 909, the GGSN detects an address of the mobile node having transmitted 
the Registration Request message and stores the detected address. The GGSN 
determines in step 911 whether the Registration Request message includes an 
address of the second GGSN. As the result of the determination, if the 

30 Registration Request message includes an address of the second GGSN, the 
GGSN transmits the Registration Request message to the address of the second 
GGSN in step 913. However, if the Registration Request message does not 
include an address of the second GGSN, the GGSN transmits the Registration 
Request message to a home agent in step 915. After either step 913 or 915, the 

35 GGSN determines in step 917 whether a Registration Reply message is received 
from the element (the second GGSN or the home agent) to which the 
Registration Request message has been transmitted in step 913 or 915. Upon 
receiving the Registration Reply message, the GGSN stores authentication 
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information for the mobile node in step 919, and transmits the received 
Registration Reply message to the mobile node in step 92 1. After transmitting the 
Registration Reply message to the mobile node, the GGSN ends the procedure. 

5 However, if the source address of the mobile node is registered in the 

GGSN in the step 905, the GGSN analyzes an I flag in step 923, in order to 
determine whether a gateway foreign agent function is set. As the result of the 
analysis, if the gateway foreign agent function is not set, the GGSN proceeds to 
the step 911. Otherwise, if the gateway foreign agent function is set, the GGSN 

10 starts performing the gateway foreign agent function in step 925. Thereafter, the 
GGSN determines in step 927 whether there is authentication information for the 
mobile node having transmitted the Registration Request message. If there is the 
authentication information for the mobile node, the GGSN proceeds to step 929. 
Otherwise, if there is no authentication information for the mobile node, the 

15 GGSN proceeds to step 91 1 . In step 929, the GGSN performs an authentication 
operation on the mobile node. In step 931, the GGSN transmits a Registration 
Reply message responsive to the Registration Request message to the mobile 
node. Here, the GGSN does not transmit the Registration Request message to the 
home agent. In step 933, if the Registration Request message has an address of 

20 the second GGSN, the GGSN transmits information on the second GGSN to the 
home agent, and then ends the procedure. This is to inform the home agent of an 
address, i.e., location information of a GGSN to which the mobile node is 
currently connected. The home agent can recognize a GGSN to which the mobile 
node is currently directly connected, based on the location information 

25 transmitted by the GGSN in the step 933. Therefore, when there is data to be 
transmitted from the correspondent node to the mobile node after the above 
procedure, it is possible to directly transmit the data to the mobile node through 
the second GGSN, instead of transmitting the data through the GGSN. 

30 The regional tunnel management operation of the GGSN has been 

described with reference to FIG. 9. Next, a regional tunnel management 
operation of the home agent will be described with reference to FIG. 10. 

FIG. 10 illustrates a regional tunnel management operation of a home 
35 agent in the communication system using the Mobile IP according to another 
embodiment of the present invention. Referring to FIG. 10, upon receiving a 
message, a home agent determines in step 1001 whether the received message is 
a Registration Request message received from a GGSN serving as a foreign 
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agent. As the result of the determination, if the received message is a Registration 
Request message received from the GGSN serving as the foreign agent, the home 
agent proceeds to step 1005. Otherwise, if the received message is not a 
Registration Request, the home agent determines in step 1003 whether the 
5 received message is a Location Information message received from a GGSN 
serving as a gateway foreign agent. If the received message is the Location 
Information message, the home agent proceeds to step 1007. 

In step 1005, the home agent stores an address of the GGSN serving as 

10 the gateway foreign agent, which corresponds to the GGSN serving as the 
foreign agent, included in the received Registration Request message. In step 
1007, the home agent stores an address of the GGSN serving as the foreign agent, 
which corresponds to the GGSN serving as the gateway foreign agent having 
transmitted the received Location Information message. After registering the 

15 location of the mobile node in the steps 1001 to 1007, the home agent transmits a 
Registration Reply message to the GGSN in step 1009, and then determines in 
step 1011 whether data is received at the location-registered mobile node from 
the correspondent node. As the result of the determination, if data is received at 
the mobile node, the home agent determines in step 1013 whether a destination 

20 address of the data received from the correspondent node is identical to an 
address of the GGSN serving as the gateway foreign agent If the destination 
address of the data is identical to an address of the GGSN serving as the gateway 
foreign agent, the home agent transmits the data received from the correspondent 
node to the GGSN serving as the gateway foreign agent in step 1015, and then 

25 ends the procedure. However, if the destination address of the data is not 
identical to an address of the GGSN serving as the gateway foreign agent, the 
home agent transmits the data received from the correspondent node to the 
GGSN serving as the foreign agent in step 1017, and then ends the procedure. 

30 As described herein above, in transmitting data received from the 

correspondent node to the mobile node, the present invention directly transmits 
the data to the GGSN serving as the foreign agent, to which the mobile node is 
connected, without passing through the GGSN serving as the gateway foreign 
agent, thus simplifying the message transmission procedure. Iri addition, the 

35 present invention can remove the congestion by reducing the frequent location 
registration operations to the home agent, occurring when the mobile node moves 
from the GGSN serving as the foreign agent to another GGSN during the 
location registration. Furthermore, the GGSN serving as the foreign agent uses an 
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Agent Advertisement message transmission method rather than the broadcasting 
method in indicating its region, thus contributing to efficient utilization of the 
resources. 

While the invention has been shown and described with reference to a 
certain preferred embodiment thereof it will be understood by those skilled in 
the art that various changes in form and details may be made therein without 
departing from the spirit and scope of the invention as defined by the appended 
claims. 
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WHAT IS CLAIMED IS: 

1. A regional tunnel management method in a mobile 
communication system using Mobile IP, the mobile communication system 
5 including a mobile node, a first GGSN (Gateway GPRS (General Packet Radio 
Service) Support Node) serving as a foreign agent for storing location 
information of the mobile node, a second GGSN for storing location information 
of the first GGSN, and a home agent connected to the second GGSN, for 
performing data communication with a correspondent node, the method 
1 0 comprising the steps of: 

transmitting a location registration request from the mobile node to the 
first GGSN, upon receiving information indicating that the first GGSN supports a 
foreign agent function and also receiving an Agent Advertisement message with 
an address of the second GGSN, said information and said Agent Advertisement 
1 5 message being transmitted by the first GGSN; 

transmitting the location registration request from the firk GGSN to the 
second GGSN; and 

registering by the second GGSN an address of the first GGSN to which 
the mobile node belongs, and then transmitting to the home agent the Location 
20 Information message indicating the address of the first GGSN to which the 
mobile node belongs. 

2. The method as claimed in claim 1, wherein the location 
registration request transmitted by the mobile node includes the address of the 

25 first GGSN to which the mobile node belongs. 

3. The method as claimed in claim 1, wherein the Agent 
Advertisement message is transmitted through a tunnel between the mobile node 
and the first GGSN. 

30 

4. The method as claimed in claim 1, further comprising the steps 

of: 

determining by the home agent whether a destination address of the data 
is identical to the address of the second GGSN, upon receiving data destined for 
35 the mobile node from the correspondent node; and 

transmitting the data to the second GGSN, if the destination address of 
the data is identical to the address of the second GGSN. 
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5. The method as claimed in claim 4, further comprising the step of 
transmitting the data to the first GGSN from the home agent, if the destination 
address of the data is not identical to the address of the second GGSN. 

6. The method as claimed in claim 1, wherein the Location 
Information message includes the address of the first GGSN and the address of 
the second GGSN. 

7. A regional tunnel management method in a mobile 
communication system using Mobile IP, the mobile communication system 
including a mobile node, a first GGSN (Gateway GPRS (General Packet Radio 
Service) Support Node) serving as a foreign agent for storing current location 
information of the mobile node or serving as a gateway foreign agent for foreign 
agents existing in a specific region, and a home agent connected to the first 
GGSN, for performing data communication with a correspondent node, the 
method comprising the steps of: 

creating by the mobile node a tunnel and receiving through the created 
tunnel an Agent Advertisement message indicating whether a second GGSN 
serves as the foreign agent or the gateway foreign agent, if the mobile node 
enters a region of the second GGSN; 

transmitting a first registration request message for requesting location 
registration from the mobile node to the second GGSN, if the second GGSN 
serves as the foreign agent; 

transmitting a second registration request message for requesting the 
location registration for the mobile node from the second GGSN to the first 
GGSN serving as the gateway foreign agent; and 

transmitting a Location Information message indicating location 
information of the mobile node from the first GGSN to the home agent, upon 
receiving the second registration request message. 

8. The method as claimed in claim 7, wherein the Location 
Information message includes an IP address of the first GGSN and an IP address 
of the second GGSN. 

9. The method as claimed in claim 7, further comprising the steps 

of: 

transmitting the second registration request message for requesting the 
location registration from the mobile node to the second GGSN, if the second 
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GGSN serves as the gateway foreign agent; and 

transmitting the Location Information message indicating the location 
information of the mobile node from the second GGSN to the home agent, upon 
receiving the first registration request message. 

5 

10. The method as claimed in claim 7, further comprising the step of, 
upon receiving data destined for the mobile node from the correspondent node 
after receiving the Location Information message, transmitting the received data 
from the home agent to the second GGSN to which the mobile node is currently 
10 connected. 
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